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Supplementary Material
Synthesis of cis,trans-3-chlorocyclobutanecarboxylic acid (5). The synthesis
of 5 was accomplished from compound 4 in two steps according to a modified procedure of that of
Nevill, Frank, and Trepka. 52,53 The use of dry benzene, and the use of 2,2'-azobis(2-
methylpropionitrile) instead of benzoyl peroxide as a free radical initiator were the only changes
made to this procedure. This allowed for the formation of purer material due to the elimination of
any benzoic acid impurities. 5 was obtained in 50% yield as a mixture of isomers. 1H NMR
(CDCl 3) 8 12.10-11.80 (bs, 1H), 4.52-4.21 (m, 1H), 3.43-3.16 (m, 1H), 2.98-2.45 (m, 4H).
Synthesis of cis,trans-1-(3-chlorocyclobutyl)methanol (3). Compound 5
(41.5 g, 309 mmol, 1.0 eq) was dissolved in dry THF (100 mL) and placed under argon with a
magnetic stirrer. An addition funnel was connected to the reaction flask and BH 3-THF (1.0 M,
464 mL, 464 mmol, 1.5 eq) was added via a cannula. The system was kept under argon, and the
reaction flask was cooled to O'C. Addition was then carried out dropwise over 1 h. The flask was
allowed to warm to room temperature and stirring was continued for 1.5 h. Deionized water (150
mL) was added slowly to quench the reaction, and the reaction was saturated with K2CO 3 . The
organic layer was removed, and the aqueous layer was extracted with diethyl ether (3 x 75mL).
The combined organics were then dried over MgSO 4 and concentrated in vacuo to give a clear
liquid. This was distilled at 0.2 mm Hg/52-60'C to give 3 (36.8 g, 99% yield) as a mixture of two
isomers. 1H NMR (CDCl3) 8 4.52-4.21 (m, 1H), 3.63-3.60 (m, 2H), 2.68-2.00 (m, 5H).
Synthesis of benzyl [cis,trans-1-(3-chlorocyclobutyl)methyl] ether (7).
Compound 3 (5.00 g, 42.0 mmol, 1.0 eq) and dry THF (40 mL) were combined and cooled to
OC. NaH (2.50 g, 104 mmol, 2.5 eq) was then added in portions over 5 min. Benzyl bromide
(7.1 g, 42.0 mmol, 1.0 eq) was then added dropwise via a syringe to the reaction over 15 min.
The ice bath was removed, and the reaction was allowed to stir at room temperature for 2.5 h.
Diethyl ether (100 mL) was added, and the organics were washed with deionized water (3 x 150
mL), dried over MgSO4, and concentrated in vacuo to give a yellow liquid. This was purified by
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distillation at 0.2 mm Hg/80-82*C to give 7 (8.1 g, 91% yield) as a mixture of isomers. IH NMR
(CDC13) 8 7.41-7.20 (m, 5H), 4.52-4.19 (in, 3H), 3.43-3.37 (m, 211), 2.80-1.99 (m, 5H); 13 C
NMR (CDC13) 8 138.36, 128.39, 127.56, 74.04, 73.12, 73.03, 72.70, 52.09, 49.17, 38.05,
36.70, 30.48, 29.93; IR (thin film on a NaCl plate) 3087, 3064, 3030, 2941, 2856, 2793, 1604,
1586, 1496, 1454, 1365, 1279, 1205, 1123, 1098, 1028, 986, 841, 737, 698 cm- 1; HRMS (EI)
calcd for C12H 15CIO (M)+ 210.0811, found 210.0820.
General procedure for the base elimination of 3-chlorocyclobutanes. The
elimination of benzyl [cis, trans-1-(3-chlorocyclobutyl)methyl] ether (7) will be used as an
example, but the same general procedure was used in all cases. Potassium t-butoxide (7.4 g, 66
mmol, 3.5 eq) was dissolved in dry DMSO (100 mL) and placed in a flask connected to an
addition funnel under argon. To the addition funnel, a solution of 7 (3.7 g, 19 mmol, 1.0 eq) in
dry DMSO (25 mL) was transferred, and dropwise addition over 20 min. was accomplished. The
reaction was then left to stir at room temperature overnight. During this time, the solution turned
from faint yellow to a dark brown. The reaction mixture was then poured into ice water (150 ml)
and extracted with diethyl ether (3 x 100 mL). The organics were then washed with deionized
water (3 x 100 mL), dried over MgSO4, and concentrated in vacuo to give a yellow oil. This
material was purified by distillation at 0.2 mm Hg/49-510 C to give pure 8 (2.50 g, 83% yield). 1H
NMR (CDCl3) 8 7.34-7.24 (m, 51), 6.12-6.06 (m, 211), 4.54 (s, 2H), 3.53-3.51 (m, 2H), 3.13-
3.11 (m, 1H), 2.65 (dd, J1 =3.3 Hz, J2 =10.2 Hz, 1H), 2.19 (d, J=10.2 Hz, 1H); 13 C NMR
(CDCl 3 ) 8 138.53, 138.31, 136.85, 128.29, 127.58, 127.45, 73.77, 73.02, 43.45, 34.43; IR
(thin film on a NaCl plate) 3064, 2987, 2941, 2856, 1496, 1454, 1365, 1279, 1098, 1028, 737,
698 cm- 1; HRMS (EI) calcd for C 12H 140 (M)+ 174.1000, found 174. 1001
Synthesis of [cis,trans-1-(3-chlorocyclobutyl)methyl]trityl ether (9).
Compound 3 (5.00 g, 41.5 mmol, 1.0 eq), trityl chloride (12.73 g, 45.7 mmol, 1.1 eq), and dry
pyridine (60 mL) were combined and connected to a reflux condenser under argon. This reaction
mixture was heated to reflux for 1 h and then allowed to cool. A short path was then connected to
the reaction flask, and the pyridine was removed by distillation at reduced pressure. The solid
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residue was dissolved in CH2Cl 2 (300 mL) and washed with deionized water (5 x 150 mL) and
brine (1 x 150 nL). The organics were then dried over MgSO 4 and concentrated in vacuo to give
an orange oil. The material was then purified by flash column chromatography (silica gel, 15%
ethyl acetate/hexanes, Rf-0.60) to give 9 (11.9 g, 79% yield) as a mixture of isomers. 1H NMR
(CDCl 3) 8 7.61-7.22 (m, 15H), 4.53-4.27 (in, 1H), 3.20-3.08 (in, 2H), 3.05-2.08 (m, 5H); 13C
NMR (CDCl 3 ) 8 144.09, 143.88, 128.61, 128.57, 127.79, 127.74, 127.01, 126.91, 86.28,
86.07, 66.83, 65.57, 52.31, 49.27, 38.00, 36.72, 30.69, 30.08; IR (thin film on a NaCl plate)
3085, 3057, 3031, 2942, 2862, 1596, 1490, 1448, 1389, 1317, 1280, 1220, 1182, 1153, 1116,
1087, 1071, 1032, 1002, 979, 942, 928, 899, 842, 775, 763, 746, 705, 646, 632 cm- 1; HRMS
(FAB) caled for C24H2 3C10 (M)+ 362.1437, found 362.1423.
[1-(2-cyclobutenyl)methyl] trityl ether (10). The standard elimination procedure
as above was used for compound 9, but purification was accomplished by recrystallization from
hot ethanol to obtain 10 (9.2 g, 72% yield) as white crystalline solid. 1H NMR (CD 2Cl 2) 8 7.53-
7.22 (in, 15H), 6.14 (d, J=2.7 Hz, 1H), 6.08 (d, J=2.7 Hz, 1H), 3.14-3.12 (m, 314), 2.65 (dd,
J1=1.2 Hz, J2=13.5 Hz, 1H), 2.15 (d, J=13.5 Hz, 1H); 13C NMR (CD 2Cl 2) 8 144.85, 139.02,
137.03, 129.03, 128.06, 127.22, 86.44, 67.39, 44.10, 34.60; IR (thin film on a NaCl plate)
3055, 2917, 2860, 1596, 1490, 1448, 1218, 1068, 1032, 898, 762, 745, 703, 632 cm- 1; HRMS
(FAB) calcd for C24 H220 (M)* 326.1671, found 326.1669.
Synthesis of 1-(2-cyclobutenyl)methanol (11). Compound 11 was synthesized
from 3 according to a literature procedure. 36,37 Isolated yield was 25% of pure material. 1H
NMR (CDCl 3 ) 6 6.15 (d, J=2.4 Hz, 114), 6.04 (d, J=2.4 Hz, 1H), 3.68 (d, J=6.0 Hz, 214),
3.11-3.02 (in, 114), 2.60 (dd, J1 =3.6 Hz, J2= 13.5 Hz, 1H), 2.22 (d, J=13.5 Hz, 111).
Synthesis of 1-(2-cyclobutenyl)methyl benzoate (12). Compound 11 (1.93 g,
23.0 mmol, 1.0 eq) was dissolved in dry THF (30 mL) along with triethylamine (2.63 g, 26.0
mmol, 1.1 eq) and cooled to OC under argon. The benzoyl chloride (7.36 g, 52.0 mmol, 2.2 eq)
was then added dropwise via syringe over 15 min. The ice bath was then removed, and the
reaction was left to sir at room temperature for 6 h. Deionized water was added (75 mL), and the
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aqueous phase was extracted with diethyl ether (3 x 150 mL). The organics were then washed
with 1 M HCI (2 X 150 mL) and deionized water (1 x 150 mL), dried over MgSO 4 , and
concentrated in vacuo to give a clear viscous liquid. This was then distilled at 0.3 mm Hg/92-95'C
to give 12 (3.2 g, 74% yield). 1H NMR (CDC13) 8 8.08-8.04 (m, 2H), 7.59-7.54 (m, 1H),
7.48-7.42 (m, 2H), 6.16 (d, J=2.1 Hz, 1H), 6.10 (d, J=2.1 Hz, 1H), 4.45-4.34 (m, 2H), 3.30-
3.24 (m, 1H), 2.73 (dd, J1 =4.2 Hz, J2= 13.5 Hz, 1H), 2.22 (d, J=13.5 Hz, 1H); 13C NMR
(CDCl 3) 8 166.60, 137.40, 137.28, 132.78, 130.49, 129.56, 128.29, 67.62, 42.40, 34.08; IR
(thin film on a NaCl plate) 3126, 3051, 2948, 2921, 2845, 1720, 1602, 1584, 1492, 1451, 1379,
1315, 1274, 1176, 1111, 1070, 1026, 957, 789, 711 cm-1; HRMS (EI) calcd for C12H12 0 2
(M)+ 188.0837, found 188.0831.
Synthesis of N,N-diisopropyl[c is, tra n s-i - ( 3-
chlorocyclobutyl)methyl]amide (13). Thionyl chloride (39.8 g, 335 mmol, 3.0 eq) was
added dropwise over a period of 30 min. to compound 5 (15.0 g, 112 mmol, 1.0 eq). The mixture
was then brought to reflux and monitored for the formation of gases. After 1.5 h, the evolution of
gases had ceased, and the reaction flask was cooled. Then, the excess thionyl chloride was
removed in vacuo. The remaining liquid (14.2 g, 93.0 mmol, 79% crude yield) was added
dropwise over 10 min. to a flask containing dry THF (300 mL) and diisopropylamine (28.2 g, 278
mmol, 3.0 eq). Immediate formation of a white precipitate was observed, and this was left to stir
overnight at room temperature. Deionized water (250 mL) was then added, and the aqueous layer
was extracted with diethyl ether (3 x 250 mL). The organics were then washed with deionized
water (3 x 300 mL), dried over MgSO 4, and concentrated in vacuo to give a clear yellow oil. This
was purified by distillation at 0.3 mm Hg/95-100C to give 13 (18.2 g, 75% yield) as a mixture of
isomers. 1H NMR (CDC13) 8 4.52-4.19 (m, 1H), 3.80-3.63 (in, 2H), 3.47-3.29 (in, 1H), 3.23-
2.33 (m, 4H), 1.38-1.28 (in, 6H), 1.16-1.00 (in, 6H); 13 C NMR (CDC13 ) 8 172.53, 170.62,
51.52, 49.16, 48.12, 48.08, 45.80, 45.61, 37.46, 36.61, 34.42, 33.39, 20.87, 20.47; IR (thin
film on a NaCl plate) 2999, 2967, 2937, 1637, 1474, 1441, 1371, 1349, 1290, 1215, 1157,
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1135, 1041, 845, 814, 732 cm-1; HRMS (EI) calcd for C 1jH 2 0CINO (M)+ 217.1233, found
217.1231.
Synthesis of diisopropyl[cis,trans-1 -(3-chlorocyclobutyl)methyl]amine
(14). BH 3 -THF (1.0 M, 156 mL, 156 mmol) was placed in a flask at OC connected to an
addition funnel under argon. Compound 13 (17.0 g, 78 mmol, 1.0 eq) in dry THF (75 mL) was
added dropwise over a period of 20 min to the reaction flask. The addition funnel was then
replaced with a reflux condenser, and the flask was heated to reflux for 1.5 h. During the reflux, a
white precipitate formed which increased during the reaction. The flask was then cooled to 00C,
and 6 M HCI (50 mL) was added slowly resulting in the disappearance of the white precipitate.
The THF was then removed by distillation at atmospheric pressure, and the remaining liquid was
made basic with aqueous NaOH (50% w/w). This was extracted with diethyl ether (3 x 75 mL),
dried over MgSO4, and concentrated in vacuo to give a yellow liquid. Distillation at 0.2 mm
Hg/65-70'C results in 14 (11.0 g, 70% yield) as a mixture of isomers. 1H NMR (CDCl 3) 8 4.52-
4.19 (m, 1H), 2.98-2.81 (m, 4H), 2.65-1.80 (m, 5H), 0.93 (d, J=6.6 Hz, 12H); 13C NMR
(CDC13) 5 52.80, 51.16, 49.41, 49.02, 48.01, 47.59, 40.03, 37.58, 30.78, 30.09, 20.83; IR
(thin film on a NaCl plate) 2965, 2870, 2801, 1464, 1390, 1362, 1275, 1208, 1158, 1117, 1000,
840, 740 cm-1; HRMS (EI) calcd for ClIH22CIN (M)+ 203.1441, found 203.1436.
Diisopropyl[1-(2-cyclobutenyl)methyl]amine (15). The standard elimination
procedure was used for 14, but purification was accomplished by distillation at 0.3 mm Hg/280 C
to yield 15 (77% yield) as a clear liquid. IH NMR (CDCl 3) 8 6.13 (d, J=2.7 Hz, 1H), 6.03 (d,
J=2.7 Hz, 1H), 2.97 (septet, J=6.6 Hz, 2H), 2.89-2.83 (m, 1H), 2.60-2.40 (m, 3H), 2.03 (d,
J=13.8 Hz, 1H), 0.96 (d, J=6.6 Hz, 12H); 13C NMR (CDC13) 8 140.84, 135.36, 49.44, 48.21,
44.7, 35.27, 20.87; IR (thin film on a NaCl plate) 3120, 3044, 2964, 2870, 2841, 2797, 1586,
1561, 1465, 1382, 1361, 1321, 1276, 1207, 1160, 1119, 1058, 1042, 965, 882, 795, 723, 702,
686 cm-1; HRMS (EI) calcd for C34 H43NO5 (M)+ 167.1674, found 167.1676.
Synthesis of [cis,trans-3-oxa-4-(3-chlorocyclobutyl)]butyric acid (16).
NaH (13.55 g, 565 mmol, 4.0 eq) was added slowly in portions to a cooled solution (0CC) of 3
5
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(17.0 g, 141 mmol, 1.0 eq) in THF (400 mL). This was stirred under argon for 15 min., then a
solution of bromoacetic acid (18.63 g, 134 mmol, 0.95 eq) in THF (100 mL) was added to the
reaction over 1 h. The reaction flask was then heated to reflux over 2 h during which time a large
amount of a white precipitate formed. This was allowed to cool to room temperature, and it was
quenched with 2 M HCI until pH<2. The organic layer was removed, and the aqueous layer was
extracted with diethyl ether (3 x 100 mL). The combined organics were then dried over MgSO 4
and concentrated in vacuo to give a yellow oil. This was distilled at 0.2 mm Hg/105-1 10C to give
16 (20.9 g, 83% yield) as a mixture of isomers. 1H NMR (CDC13) 8 10.20-9.75 (bs, 1H), 4.51-
4.11 (m, 3H), 3.63-3.53 (m, 2H), 3.07-2.02 (m, 5H); 13 C NMR (CDC13) 8 176.01, 175.86,
75.50, 74.22, 67.76, 67.67, 51.76, 48.88, 37.71, 36.32, 30.11, 29.44; IR (thin film on a NaCl
plate) 3736-2360 (b), 1732, 1472, 1431, 1352, 1244, 1135, 1046, 935, 841, 747, 674 cm- 1;
HRMS (EI) calcd for C7 H11C10 3 (M)+ 178.0397, found 178.0397.
Synthesis of [3-oxa-4-(2-cyclobutenyl)]butyric acid (17). The standard
elimination procedure was used for compound 16 with a few modifications. Instead of simply
pouring the reaction mixture into ice water to quench the reaction, the reaction mixture was
acidified with 2 M HCI until the pH<2. Purification was accomplished by flash column
chromatography (silica gel, 30% ethyl acetate/68% hexanes/2% acetic acid, Rf=0.45) to give 17 as
a clear oil (74% yield). 1H NMR (CDCl 3) 8 10.22-9.60 (bs, 1H), 6.10 (d, J=1.8 Hz, 1H), 6.05
(d, J=1.8 Hz, 1H), 4.12 (s, 2H), 3.67-3.57 (m, 2H), 3.14-3.08 (in, 1H), 2.69 (dd, J1 =3.3 Hz,
J2 =14.7 Hz, 1H), 2.21 (d, J=14.7 Hz, 12H); 13 C NMR (CDC13 ) 8 175.14, 137.56, 137.32,
75.29, 67.85, 42.94, 34.22; IR (thin film on a NaCl plate) 3712-2345 (b), 1734, 1560, 1437,
1351, 1204, 1156, 1026, 954, 921, 705 cm- 1; HRMS (EI) calcd for C7H 10 0 3 (M)+ 142.0630,
found 142.0623.
Synthesis of methyl [3-oxa-4-(2-cyclobutenynl)]butyrate (18). [3-oxa-4-(2-
cyclobutenyl)]butyric acid (17) (5.0 g, 35.2 mmol, 1.0 eq) was combined with K2CO 3 (24.3 g,
176 mmol, 5 eq) and Mel (100 g, 705 mmol, 20.0 eq) in acetone (200 mL). This was allowed to
stir overnight at room temperature. The acetone was removed in vacuo, and the reaction mixture
6
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was dissolved in deionized water (100 mL). This was extracted with diethyl ether (3 x 100 mL),
and the organics were dried over MgSO 4 and concentrated in vacuo to give a yellow oil. This was
distilled at 0.2 mm Hg/42*C to give 18 as a clear liquid (4.02 g, 73% yield). IH NMR (CDC13) 8
6.06(d, J=2.7 Hz, 1H), 6.03 (d, J=2.7 Hz, 1H), 4.06 (s, 2H), 3.70 (s, 3H), 3.60-3.53 (m, 2H),
3.11-3.06 (m, 1H), 2.65 (dd, Jl=4.2Hz, J2=12.9 Hz, 1H), 2.19 (d, J=12.9 Hz, 1H); 13C NMR
(CDCl 3) 8 170.87, 137.81, 137.06, 75.21, 68.29, 51.68, 43.07, 34.26; IR (thin film on a NaCl
plate) 3124, 3046, 2951, 2920, 2848, 1757, 1738, 1462, 1454, 1436, 1288, 1209, 1132, 1027,
990, 954, 921, 902, 885, 844, 700 cm- 1; HRMS (EI) calcd for C8H 120 3 (M)+ 156.0786, found
156.0781.
Synthesis of N,N-dimethyl-[3-oxa-4-(2-cyclobutenyl)]butyramide (19a).
17 (2.9 g, 20.4 mmol, 1.0 eq) was mixed with thionyl chloride (7.29 g, 61.3 mmol, 3.0 eq), and
this was heated to reflux under argon until all evolution of gases had ceased (1.5 h). The excess
thionyl chloride was removed in vacuo to result in an orange oil. This oil was then added to an ice
cold solution of dimethylamine (40 wt% in water, 20 mL, 177 mmol, 8.7 eq). This was left to stir
for 1 h at room temperature, and then it was extracted with diethyl ether (3 x 30 mL). The organics
were then dried over MgSO 4 and concentrated in vacuo to give a orange oil. This material was
purified by distllation at 0.2 mm Hg/83-850 C to give 19a as a clear oil (2.45 g, 71% yield). 1H
NMR (CDCl 3) 8 6.12(d, J=2.4 Hz, 1H), 6.08 (d, J=2.4 Hz, 1H), 4.15 (s, 2H), 3.60-3.57 (m,
2H), 3.17-3.11 (m, 1H), 3.04 (s, 3H), 2.97 (s, 3H), 2.66 (dd, J 1 =4.2Hz, J2 =13.8 Hz, 1H),
2.22 (d, J=13.8 Hz, 1H); 13C NMR (CDC13) 8 169.26, 137.98, 139.96, 74.79, 70.54, 43.21,
36.37, 35.38, 34.31; IR (thin film on a NaCl plate) 3123, 3044, 2920, 2849, 1646, 1504, 1470,
1446, 1400, 1344, 1289, 1265, 1202, 1178, 1108, 1040, 1022, 961, 921, 903, 803, 781, 703,
603 cm-1; HRMS (EI) calcd for C9H 15NO 2 (M)+ 169.1103, found 169.1100.
Synthesis of N,N-diisopropyl-[3-oxa-4-(2-cyclobutenyl)]butyramide (19b).
17 (4.5 g, 31.7 mmol, 1.0 eq) was mixed with thionyl chloride (13.2 g, 111 IImmol, 3.5 eq), and
this was heated to reflux under argon until all evolution of gases had ceased (1.5 h). The excess
thionyl chloride was removed in vacuo to result in an orange oil. This oil was then added to an ice
7
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cold solution of diisopropylamine (32.1 g, 317 mmol, 10.0 eq) in THF (150 mL). This was left to
stir overnight at room temperature, and then it was quenched by the addition of deionized water (50
mL). The organic layer was removed, and the aqueous layer was extracted with diethyl ether (3 x
40 niL). The combined organics were then dried over MgSO 4 and concentrated in vacuo to give a
orange oil. This was purified by flash column chromatography (silica gel, 15% ethyl
acetate/hexanes, Rf-0.21) to give 19b as a clear liquid (6.21 g, 87% yield). IH NMR (CDCl3) 8
6.07-6.04 (m, 2H), 4.08-3.95 (m, 411), 3.54 (d, J=6.9 Hz, 2H), 3.52-3.32 (m, 1H), 2.66 (dd,
JI=4.2Hz, J2=13.8 Hz, 1H), 2.20 (d, J=13.8 Hz, 1H), 1.37 (d, J=6.6 Hz, 6H), 1.15 (d, J=6.6
Hz, 6H); 13C NMR (CDCl 3) 8 168.08, 138.10, 136.93, 74.74, 72.33, 48.18, 45.77, 43.24,
34.34, 20.80, 20.41; IR (thin film on a NaCl plate) 3124, 3046, 2999, 2966, 2924, 2873, 1645,
1474, 1446, 1368, 1336, 1308, 1290, 1214, 1138, 1099, 1043, 1022, 958, 919, 902, 884, 862,
807, 738, 706, 604 cm- 1; HRMS (EI) calcd for C13 H23NO 2 (M)+ 225.1729, found 225.1730.
Synthesis of methyl [5-cis,trans-(3-chlorocyclobutyl)]-trans,trans-
pentadienoate (21). 3 (30.0 g, 249 mmol, 1.0 eq) was dissolved in CH 2C1 2 (600 mL) and
pyridinium chlorochromate (107 g, 498 mmol, 2.0 eq) was added in portion over 30 min. The
reaction was left stirring for 2.5 h at room temperature. Diethyl ether (500 mL) was added to the
reaction flask, and the mixture was poured through 2 inches of silica gel. The black precipitate
was washed with diethyl ether (4 x 300 mL), and these washings were passed through the silica
plug as well resulting in a yellow solution. This was concentrated in vacuo (5*C, -20 mm Hg)
resulting in approximately 30 mL of crudecis,trans-3-chlorocyclobutanecarboxaldehyde (20)
dissolved in a minimal amount of solvent. This product was observed to be extremely sensitive
and any attempts at further purification resulted in extremely low isolated yields.
Lithium diisopropylamide (LDA) (21.8 g, 203 mmol, 1.5 eq) was dissolved in dry THF
(400 mL) and cooled to -78*C under argon. To this, trimethyl 4-phosphonocrotonate (45.3 g, 217
mmol, 1.6 eq) in dry THF (100 mL) was added dropwise over 30 min. This was left for an
additional 30 min. at -78'C, and then the flask was warmed to -50*C. The crude aldehyde
synthesized above was then dissolved in THF (50 mL) and added dropwise over 15 min. to the
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reaction mixture. The flask was then allowed to warm to room temperature over 1 h. The reaction
was quenched with 1 M HCI until the pH<2, and the reaction mixture was then poured into a
separatory funnel containing petroleum ether/deionized water (800 mL, 1:1). The organic layer
was washed with deionized water (3 x 200 mL), dried over MgSO 4, and concentrated in vacuo to
obtain the product 21 as a mixture of isomers (20.9 g, 77% yield) with <10% cis-olefin formed.
The spectral data for the major two isomers of methyl [5-cis,trans-(3-chlorocyclobutyl)]-
trans,trans-pentadienoate were as follows: 1H NMR (CDC13) 6 7.54-7.16 (m, 1H), 6.27-6.07
(m, 2H), 5.80 (d, J=15 Hz, 1H), 4.49-4.22 (m, 1H), 3.72 (s, 3H), 3.44-2.08 (m, 5H); 13 C
NMR (CDCl 3 ) 8 167.29, 145.27, 145.03, 144.29, 144.22, 127.53, 127.48, 120.24, 120.06,
52.35, 51.41, 51.38, 48.27, 40.87, 39.41, 33.67, 32.57; IR (thin film on a NaCl plate) 3023,
2990, 2948, 2842, 1716, 1644, 1617, 1434, 1366, 1332, 1307, 1269, 1244, 1157, 1137, 1065,
1038, 1000, 915, 873, 847, 827, 759, 725, 716, 652, 624 cm- 1; HRMS (El) calcd for
C10H13C0 2 (M)+ 200.0604, found 200.0613.
Synthesis of methyl [5-cis,trans-(3-chlorocyclobutyl)]pentanoate (22).
Methyl [5-cis,trans-(3-chlorocyclobutyl)]pentadienoate (21) (26.7g, 133 mmol, 1.0 eq) was
dissolved in ethyl acetate (400 mL) and combined with 10% Pd/C (7.08 g, 6.7 mmol, 0.05 eq)
under an atmosphere of hydrogen. This was left for 6 h at room temperature under hydrogen at
which time the reaction mixture was poured through 1 inch of silica gel. The plug was washed
with diethyl ether (3 x 100 mL), and the combined organics were concentrated in vacuo to obtain
22 as a clear oil as a mixture of isomers (27.2 g, 99% yield). IH NMR (CDCl 3) 8 4.47-4.15 (m,
1H), 3.64 (s, 3H), 3.05-1.12 (in, 13H); 13C NMR (CDC13) 8 173.90, 52.69, 52.58, 51.33,
48.87, 41.12, 39.23, 36.55, 35.37, 34.96, 33.94, 30.68, 30.03, 26.97, 26.68, 24.74, 24.69; IR
(thin film on a NaCI plate) 2977, 2935, 2855, 1740, 1456, 1435, 1370, 1308, 1278, 1242, 1195,
1172, 1103, 1013, 988, 883, 838, 731, 702, 644, 619 cm-1; HRMS (CI) calcd for CloH 17CI0 2
(M+H)* 205.0995, found 205.0993.
Synthesis of 5-cis,trans-(3-chlorocyclobutyl)pentanoic acid (23). Methyl [5-
cis,trans-(3-chlorocyclobutyl)]pentanoate (22) (26.7 g, 131 mmol, 1.0 eq) was dissolved in 1:1
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THF:deionized water (600 mL), and NaOH pellets (15.6 g, 393 mmol, 3.0 eq) were added.
Initially two phases were observed, but after 1 h, a clear solution was formed. After 2 h, the
reaction was acidified with 3 M HCl until pH< 2, and the organic layer was removed. The
aqueous layer was saturated with NaCl and extracted with diethyl ether (3 x 200 mL). The
combined organics were then dried over MgSO 4 and concentrated in vacuo to obtain the product
23 as a mixture of isomers (24.3 g, 98% yield). 1H NMR (CDCl3 ) 8 4.48-4.16 (m, 1H), 3.08-
1.14 (m, 13H); 13C NMR (CDC13 ) 8 180.21, 52.63, 48.91, 41.07, 39.13, 36.53, 35.31, 34.89,
33.94, 30.56, 29.96, 26.87, 26.57, 24.43, 24.37; IR (thin film on a NaCl plate) 3630-2348 (b),
1712, 1459, 1413, 1279, 1241, 1210, 1132, 1103, 1006, 939, 889, 838, 815, 731, 696, 642,
622 cm- 1; HRMS (EI) calcd for C9H 14 CIO (M-OH)* 173.0733, found 173.0733; HRMS (EI)
calcd for C9H150 2 (M-Cl)+ 155.1072, found 155.1074. No parent mass was observed.
Synthesis of 5-(2-cyclobutenyl)pentanoic acid (24). Synthesis of 5-(2-
cyclobutenyl)pentanoic acid (24) (24.3 g, 127 mmol) was accomplished as in analogy to [3-oxa-4-
(2-cyclobutenyl)]butyric acid (17) (18.0 g, 92% yield). 1H NMR (CDCl 3) 8 6.08 (d, J=3.0 Hz,
1H), 6.02 (d, J=3.0 Hz, 1H), 2.80-2.73 (m, 1H), 2.65 (dd, J 1=3.9 Hz, J2 =13.2 Hz, 1H), 2.34
(t, J=7.2 Hz, 2H), 2.15 (d, J=13.2 Hz, 1H), 1.68-1.29 (m, 6H); 13C NMR (CDC13) 8 180.60,
140.73, 135.28, 43.84, 36.79, 34.13, 34.10, 27.44, 24.71; IR (thin film on a NaCl plate) 3629-
2140 (b), 1709, 1603, 1562, 1458, 1413, 1288, 1236, 1207, 1111, 1057, 1004, 934, 818, 787,
732, 699 cm- 1; HRMS (EI) calcd for C9H14 0 2 (M)+ 154.0994, found 154.0995.
Synthesis of 5-(2-cyclobutenyl)pentanol (25). 5-(2-cyclobutenyl)pentanoic acid
(24) (4.5 g, 29.2 mmol, 1.0 eq) in dry THF (25 mL) was added to a mixture of LAH (2.21 g,
58.4 mmol, 2.0 eq) in dry THF (75 mL) at OC over 30 min. The reaction was then warmed to
room temperature and allowed to stir for 3 h. The reaction was quenched by the careful sequential
addition of deionized water (5 mL), aqueous NaOH (15% w/w, 5 mL), and deionized water (5
mL). The white precipitate was removed by filtration, and this was washed with diethyl ether (3 x
150 mL). The combined organics were then dried over MgSO4 and concentrated in vacuo to
obtain the product 25 (4.0 g, 99% yield). 1H NMR (CDCl3) 8 6.09 (d, J=3.0 Hz, 1H), 6.02 (d,
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J=3.0 Hz, 1H), 3.63 (t, J=6.6 Hz, 2H), 2.79-2.72 (m, 1H), 2.64 (dd, J1 =4.2 Hz, J2=13.5 Hz,
1H), 2.15 (d, J=13.5 Hz, 1H), 1.62-1.27 (m, 8H); 13C NMR (CDC13) 6 140.94, 135.16, 62.93,
44.06, 36.83, 34.54, 32.74, 27.80, 25.82; IR (thin film on a NaCI plate) 3642-3124 (b), 3045,
2920, 2853, 1589, 1562, 1462, 1434, 1377, 1322, 1289, 1199, 1120, 1055, 1004, 938, 913,
899, 804, 726, 697 cm- 1; HRMS (El) calcd for C9H160 (M)* 140.1201, found 140.1193.
Synthesis of N-butyl-[5-(2-cyclobutenyl)]pentanamide (26). Using the same
procedure as for N,N-dimethyl-[3-oxa-4-(2-cyclobutenyl)]butyramide (19a), treatment of 5-(2-
cyclobutenyl)pentanoic acid (24) (3.9 g, 25.3 mmol, 1.0 eq) with thionyl chloride (9.0 g, 76
mmol, 3.0 eq) resulted in the formation of the acid chloride. Addition of the acid chloride to a
solution of n-butyl amine (18.5 g, 253 mmol, 10.0 eq) in THF (150 mL) resulted in the product
26 (4.5 g, 85%). 1H NMR (CDCl 3) 8 6.07 (d, J=2.7 Hz, 1H), 6.02 (d, J=2.7 Hz, 1H), 5.35
(bs, 1H), 3.25 (q, J=6.6 Hz, 2H), 2.80-2.72 (m, 1H), 2.63 (dd, J 1=4.2 Hz, J2 =13.5 Hz, 1H),
2.14 (t, J=6.6 Hz, 2H), 2.02 (d, J=13.5 Hz, 1H), 1.99-1.25 (m, 10H), 0.90 (t, J=7.5 Hz, 3H);
13C NMR (CDCl 3) 8 172.97, 140.77, 135.21, 43.90, 39.15, 36.83, 36.79, 34.26, 31.71, 27.66,
25.90, 20.03, 13.71; IR (thin film on a NaCl plate) 3289, 3123, 3084, 3046, 2927, 2860, 1646,
1558, 1463, 1438, 1378, 1288, 1240, 1201, 1153, 1113, 1058, 982, 964, 944, 918, 901, 854,
731, 698 cm-1; HRMS (EI) calcd for C13H23NO (M)+ 209.1780, found 209.1786.
Synthesis of methyl [5-(2-cyclobutenyl)]pentanoate (27). Using the same
procedure as for the synthesis of methyl [3-oxa-4-(2-cyclobutenynl)]butyrate (18), treatment of 5-
(2-cyclobutenyl)pentanoic acid (24) (3.9 g, 25.3 mmol, 1.0 eq) with K2CO 3 (17.5 g, 127 mmol,
5.0 eq) and Mel (71.9 g, 510 mmol, 20.0 eq) in acetone (200 mL) resulted in the desired product
27 (4.2 g, 99% yield). 1H NMR (CDC13 ) 8 6.08 (d, J=3.0 Hz, 1H), 6.02 (d, J=3.0 Hz, 1H),
3.65 (s, 3H), 2.80-2.71 (m, 1H), 2.64 (dd, J 1=4.5 Hz, J2=16.8 Hz, 1H), 2.30 (t, J=7.5 Hz,
2H), 2.15 (d, J=16.8 Hz, 1H), 1.67-1.25 (m, 6H); 13 C NMR (CDCl 3) 8 174.18, 140.76,
135.21, 51.40, 43.87, 36.77, 34.15, 34.04, 27.52, 25.00; IR (thin film on a NaCI plate) 3124,
3040, 2938, 2852, 1742, 1604, 1587, 1562, 1456, 1436, 1364, 1201, 1174, 1110, 983, 918,
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881, 834, 818, 770, 732, 700 cm- 1; HRMS (EI) calcd for C10 H16 0 2 (M)+ 168.1150, found
168.1148.
Table SI. Polymerization results for
amine 15a
[M/[I] Knb PDIb
25.4 5900 1.13
44.1 8000 1.16
73.6 12500 1.18
100 14800 1.22
147 18400 1.25
a Polymerizations were run in toluene at
45'C with [15]=0.57 M for 4.5 h. b
Determined by gel permeation
chromatography in THF relative to
monodispersed polystyrene standards.
Table S2. Polymerization results for 18a
[M4]/[I] Mjnb PDIb
25.1 8600 1.16
75.5 17900 1.26
104 29600 1.30
153 41900 1.44
a Polymerizations were run in toluene at
45*C with [M]=0.57 M for 2.0 h. b
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Determined by gel permeation
chromatography in CH 2 Cl 2 relative to
monodispersed polystyrene standards.
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